The heat capacities of MgO, CaO, SrO and BaO, reported in part I have been analysed in terms of the frequency spectrum of the lattice with the assumption that the effect of anharmonicity of the lattice may be neglected for T (@D/3). Following the usual procedure the n-th moments of the frequency spectrum with n= -3, -2, -1, 0, 1 to 6 were calculated from the experimental data. From the low frequency expansion the apparent Debye characteristic temperature at 0 °K, &0 , is calculated to be in good agreement with O0 (elast.), calculated from elasticity data. Also the limiting values at high temperatures, , and the zero point energy, Ez , have been calculated.
Introduction
A number of recent attempts to understand the detailed nature of the vibrations within simple ionic solids has been successful 1 . Most of these investigations deal with the reasonably well known properties of the alkaline-halides, which have a monoionic lattice. It seemed worthwhile to extend these investigations to divalent lattices. The alkaline-earth-oxides also have a very simple structure (cubic-face-centered) which suggest relatively simple interatomic potentials. Consequently their thermal data are particularly suitable for direct comparison with the predictions of the lattice theories.
A first part of this article 2 deals with the experimental method and corresponding results for the specific heat of the alkaline-earth-oxides; in this part the results are analysed.
Although detailed informations about the frequency spectra generally cannot be obtained from inversion of the heat capacity curves, a precise knowledge of the specific heat is extremely valuable when comparing the consequences of assumptions made in various lattice theories with experimental results. BARRON 3 and his coworkers have shown the importance of the moments of the frequency distributions for the temperature variations of various thermodynamic properties; they also showed how these moments may be calculated from experimental data. We apply this method although its accuracy is limited. But at present no frequency spectra for theoretical models for the alkaline-earth-oxides nor any details about their interatomic forces are known.
Attempts to understand the nature of the anharmonic effects, present in oxides studied, have been made by different investigators 4 . A detailed analysis of these anharmonic effects together with heat capacity data above 300 °K will be discussed later.
Correction of Thermal Expansion
The experimental heat capacities were measured at constant pressure, cp, The heat capacity at constant volume, cv , may be computed from: 
[£>0 and QT , densities at 0 C K and T °K; y, Grün-eisen parameter].
However, the lack of accurate values for y (this means ß and %) of these oxides, except MgO, does not allow to introduce accurately this correction. But for MgO at 300 °K the ratio 6>D(F0)/6>D(Fr) is as small as 1.005 (less than 0.5%) and even smaller at lower temperatures. A rough estimation of this ratio for CaO, SrO and BaO based on well known £>-data 7
gives corrections less than 0.5%.
But thermal expansion is not the only anharmonic effect that needs to be corrected. Even if the crystal is maintained at constant volume anharmonicity due to the vibrations themselves leads to contributions to the heat capacity 8 which becomes increasingly serious with increasing amplitudes of the vibrations, so that tends to fall off for T ©D/3. This was observed for some alkali-halides 3 and has been associated with anharmonic effects, which are also present in our measurements. In order to obtain the harmonic contributions of the heat capacity for analysis of the spectrum, we therefore shall extrapolate our results below T ^ @D/3 to infinity (see § 3.2). by the relation (2) becomes less important and was therefore neglected. But this does not change the essential results of this analysis.
Analysis of the Experimental Results
In order to compare the thermal properties of the oxides, the n-th moments of the lattice vibration spectra were calculated. These moments are defined as:
N, Avogadro number; w, normal mode frequency; G{w), frequency distribution of the spectrum.
The mutual consistency of these moments is conveniently displayed by means of the function wi>(n) defined by:
w\)(n) is the maximum frequency of the Debye-distribution with the same n-th moment as the actual crystal, and which would be a constant for a Debye spectrum.
On the other hand the limiting values of % (n) as n -0 or -3 are represented by
and
where wg is the geometric mean frequency of the spectrum calculated from a high temperature expansion involving the entropy 9 ; gives the limiting value of the entropy at high temperatures and E~ the zero point energy of the crystal 3 .
The Low Temperature Region
The low temperature heat capacity of an insulator can be expanded in the form:
where the coefficients a, b and c are directly related to the expansion for the frequency spectrum at low temperatures: The corresponding coefficients and 0O, derived from the present analysis are given in Table 1 constants are yet available.
The High Temperature Region
The high temperature expansion for the equi- Table 3 . The reduced frequency spectrum of the alkaline earth oxides (frequencies of the Debye distribution with the same n-th moments).
The Intermediate Temperature Region
In addition to the moments ju2, //6 obtained from Eq. (9) other moments of the frequency spectrum can be calculated from integrals of the form 12 : where r(n+ 1) is the gamma function, £(n) the Rieman zeta function, Bos the Bernoulli numbers and 1 < n < 4. The numerical values deduced from the above analysis are given in Table 2 and 3.
Discussion of the Results of the Present Analysis
A direct comparison of the experimental frequency spectrum and a theoretically calculated one would be the best analysis. However no frequency spectra for theoretical modes corresponding to these oxides are at present available for comparison and very little appears to be known in detail about the interatomic forces. But by comparing the present results with those obtained for monovalent ionic crystals and with some general relations between Debye temperature and crystalline parameters we may see any significant differences.
0O and 0X as Function of Mass and Lattice Parameters
The limiting value 0O is given by a complicated function of the elastic constants, A, involving the interatomic forces, the density and the value of a unit cell 3 ' 13 : 0"
[M, molecular mass; a, lattice distance in the cubic structure].
Assuming that the interatomic forces are identical for all oxides, A should be constant and 0O a function of (a VM) only. This is shown in Fig. 1 where 0O as function of a VM is plotted.
An equal relation exists at high temperatures 14 :
Eq. (13) From Figs. 2 and 1 we conclude that the interatomic forces in these oxides are quite identical, even more, the same relations (13) and (12) are correct also for the alkaline-halides (e. g. see Fig. 1 ). In conclusion we can say that the interatomic forces between alkaline-earth-oxides and -halides are rather similar. 
Reduced Frequency Spectrum wjy(n) versus n
It is not adequate to discuss the frequency spectrum itself in terms of the function Z£D(/I), because this function is relatively insensitive to the shape of the spectrum.
It is easily seen from Fig. 3 that the effect of the masses of the constituent ions may be remarkably reflected in the function Wp(n) rather than in the frequency spectrum itself. The absolute value of WD(n) increases with decreasing mass of the anion in a series of compounds having the same cation. Comparatively appreciable differences between the shape of Wj)(n) in Fig. 3 leads to the following conclusions.
Both the steady increase in the ratio of higher to lower moments and the decreasing curvature of the wj) (n) curve between n = -3 and n = 0 on going from MgO to BaO presumably indicate a gradual increase in the density of modes at higher frequencies in the spectrum.
However the increasing values of the coefficients a, b and c indicate that the deviation of the wD(re)-spectrum from a pure Debye spectrum [G(co) ~co 2 ] increases on going from MgO to BaO. This means that the number of modes of the vibrations spectrum wD (n) rises quicker at low frequencies for BaO than for MgO but the mean part of the spectrum extends to higher reduced frequencies.
This behaviour is equal to that of the alkalinehalides 15 having the same cation. Their spectra and their equivalent moments have been calculated by KARO 15 and partially proved experimentally.
Comparing the present moments of the oxides with those of the alkaline-halides this shows that the ratio of the moments:
etc. are nearly constant. This means that the interatomic forces in both series of oxides and fluorides are virtually identical and we conclude that the oxides may be treated theoretically with the same models as the well established properties of the alkaline halides.
The series of curves wn (n) versus n in Fig. 3 reveal that the variation for positive values of n is lee marked and the curve flattened over considerably wide ranges if the mass ratio of the constituent ions approaches unity; i. e. MgO for the oxides, NaF for the fluorides. This observation suggests that the actual spectrum approximates more closely to the Debye-distribution as the masses of the components becomes close to unity.
It should be noted that w^,(n) rises more rapidly as re->• -3 for MgO than for BaO; the minimum of the curve shifts to higher re-values in the same direction. It is not yet clear if this effects are due also to the ratio of masses.
Variation of the Reduced Debye Temperature with Reduced Absolute
Temperature;
Effect of Mass Factor
A further correspondence between oxides and fluorides at both high and low temperatures is offered by examining the reduced Debye temperature (1 -@D/@0) as a function of T/0O , given in Fig. 4 . At low temperatures the effect of the mass ratio is less important and the shape of the curve of (1 -0D/0o) is mainly influenced by the elastic constants; nevertheless the behaviour of the oxides is again remarkably similar to that of the alkaline fluorides. With increasing mass ratio the departure of 0 from 0q for both types of compound becomes slower if 0J0O<1 (i.e. MgO->CaO; LiF-> NaF) ; but then more and more quickly for 0,oo/0o -> CsF). Indeed, the ratio of elastic constants >1 (i.e. CaOSrOBaO; NaF -> KF -> RbF)
Cn/C44 and C12/C44 is quite close for LiF and MgO, NaF and CaO; this is shown in Note also that the initial decrease in 0-q with Unfortunately existing heat capacity data for the fluorides are not available or are not quite accurate enough to allow a more detailed comparison. Also the lack of reliable elastic constant data for the oxides prevents actually more precious conclusions to be drawn. Nevertheless it seems that there is no question that these oxides show the same type of interionic forces as the alkaline fluorides and that the same theoretical models as well established for these compounds could be applicated.
Finally note that the gradual decrease in 0D observed in all oxides (as also in most part of the alkaline-halides) at higher temperatures may be attributed to an increase in the heat capacity due to positive anharmonic effects of the vibrations themselves.
Conclusions
A set of experimental heat capacities for the alkaline-earth-oxides, reported in part I was analysed. From the results it was shown: -that there is a systematic change in the shape of the vibration frequency spectra, which is virtually identical to those of the alkaline fluorides, having nearly the same mass ratio as the oxides and having the same ratio of elastic constants at low temperatures;
-that therefore the oxides do not exhibit any specified divalent ionic character; -that all oxides show a positive anharmonic contribution to the specific heat, which was excluded in this analysis. If this qualitative interpretation of the results seems clear a quantitative discussion of these results is not yet possible, due to the lade of accurate experimental data on density, elastic constants, coefficient of dilatation and compressibility and their variation with temperatures for these oxides as for the fluorides; and finally there is a need for the exact frequency spectra, which should be deduced from neutron scattering data. In connection with these experimental data more detailed studies of the lattice dynamics of alkaline-earth-oxides should be required. The initial thermoelectric power of the molten salt mixtures (Ag-j-Me)Cl (Me = Li, Na, Rb, Cs) has been measured at various temperatures around 800 °C using a silver electrode thermocell. In addition the thermoelectric power of molten pure AgCl is reported.
Thermoelectric Properties in Silver
These data have been used to obtain relative values of the heats of transport of the alkali cations in pure salts. Moreover the global behaviour of these mixtures in respect to an ideal model for the heat and electricity transport is discussed.
Though the first measurements of thermoelectric power in molten salts date back to the end of the last century, systematic work has appeared only recently. HAASE 1 has given a concise discussion of the data presented in the literature. For a full phenomenological description of the system, initial and stationary state values of the thermoelectric power would be desirable. Nevertheless, as it has already been shown 2 , values of thermoelectric power at zero time in molten binary mixtures enable to draw some information on the global behaviour of the systems in respect to the heat and electricity transport phenomena.
This work reports measurements of the thermoelectric power at zero time on the molten binary mixtures AgCl + MeCl where Me = Li, Na, Rb, Cs. The system AgCl + KCl has previously been de- at various temperatures around 800 °C and at different compositions.
Experimental
The "U" shaped cell, made of quartz, was placed in a nickel block divisible into three pieces. The differential heating of one of the two arms of the cell was obtained by means of thermocoax resistences (Sodern). An electrode-holder was placed in each of the two arms of the cell to support the point shaped silver electrode. The measuring thermocouple in platinel was placed near the electrode and shielded by a thin quartz tube. The differences in temperature ranged from 5 to 15 °C. All the other experimental features were analogous to those described in previous works 2 ' 3 .
